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CHEMICAL  STUDIES  ON  INTESTINAL  INFANTILISM. 
I.  ]~NDOGENOUS METABOLISM: KREATININ,  KREATIN, 
URIC  ACID.* 
By FRANCIS  H.  McCRUDDEN. 
(From the Hospital of  The Rockefetler Institute for Medical Research, 
New  York.) 
Intestinal infantilism was  first recognized by the late Dr.  Chris- 
tian  A.  Herter. 1  It  is  a  condition occurring in  childhood,  and  is 
characterized by periods  of  disturbance  of  nutrition  with  loss  of 
weight,  alternating  with  periods  of  normal  nutrition  and  gain  of 
weight,  and  finally ending  in  a  state  of  arrest  of  development' in 
which  it  is  almost  impossible  to  bring  about  increase  of  weight. 
There is marked abdominal distension, a  moderate grade of anemia, 
and a  rapid onset of physical and mental fatigue.  Various irregu- 
larities of digestion occur, accompanied by a  reversion of the in,tes- 
final flora to the infantile type. 
Dr.  Herter had worked out the clinical description of the disease 
and  'begun  a  study of the  physiological-chemical changes that  ac- 
company it', when the work was interrupted by his death.  Intestinal 
infantilism is not a rare disease, and I  have therefore continued the 
studies  begun  by  Dr.  Herter. 
The object of the physiological-chemical studies  is  to determine 
whether  there  are  any  changes  in  the  metabolism,  and,  if  so,  to 
ascertain  wh'at  they are.  The  studies  were carried  out  on  three 
patients:  F.  S.,  ten  years  old,  weight  13. 5  kilograms,  and  height 
96  centimeters; I.  P.,  seventeen years old,  weight 22. 5  kilograms, 
and height 113. 3 centimeters; and F.  H.,  five and a  half years old, 
weight 12.o kilograms, and height 91 centimeters.  All three patients 
have histories of typical intestinal infantilism.  F.  S. and J.  P. had 
* Received for publication, December 4,  1911. 
I Herter,  Christian A.,  On  Infantilism  from  Chronic Intestinal  Infection, 
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been under observation by Dr.  Herter  for  a  tong  time,  and  F.  H. 
had been under the care of Dr.  L.  Emmett  Holt.  At the time that 
they came  to  the  Rockefeller  Institute  Hospi.tal  they  had  reached 
the stage of arrest  of development,  although  there  were occasional 
periods of slight improvement,  which  I  shall mention  later. 
The  present  paper  reports  the  study of  the  metabolism  of  uric 
acid,  kreatinin,  and  kreatin,  which  was undertaken  to  throw  light 
on the  endogenous  metabolism  of the  cases.  It  is  now recognized 
that when meat, fish, and a very few other foods are excluded from 
the diet, the uric acid and kreatinin  of the urine come entirely from 
the  metabolism  of the  tissues  themselves,  and  that  kreatin,  under 
these conditions,  does n,ot normally occur  in the  urine;  so that  the 
quantities  of these substances arising on a  meat-free diet serve as a 
measure  of  the  endogenous  metabolism,--the  metabolism  of  the 
tissues  as  distinct  from the  direct metabolism  of the  substances  in 
the  food. 
In the cases of F.  S.  and  J.  p.,  examinations  were made during 
three  separate  periods.  During  the  second  and  third  periods,  the 
patients  were in much better  condition than  in the first period;  and 
the examinations  of the later periods were made with the object of 
finding  out  what  changes  such  variations  in  the  condition  of  the 
patient  make  in  the  results.  The  diet  in  all  the  experiments  was 
free  from  foodstuffs that  are  known  to  give  rise  to  purin  bodies, 
kreatinin,  and  kreatin,  and  consisted  chiefly  of  milk,  eggs,  bread, 
and  rice  in  quantities  that  satisfied  the  appetite.  The  results  are 
given in  table  I. 
The  endogenous  uric  acid  should  be  fairly  constant  for  one 
individual,  and  not  variable,  as  in  these  cases.  It  is  not  possible 
to  explain  the  irregularities,  since we  do not  know  all  the  factors 
that  determine  the  amount  of endogenous  uric  acid,  which  varies 
in  different  individuals.  It  does  not  appear  to  be  related  to  the 
general metabolism,  as represented by the nitrogen  excretion,  or to 
the weight or age of the individual. 
It will be noticed that the kreatinin varies in the different periods, 
especially  in  the  case  of  F.  S.  This  is  due  in  part  to  a  gradual 
increase  in  body weight.  At  the  same  time,  the  daily  variations, 
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from the  results that  I  have  obtained  in  normal  persons.  There 
are  not  enough  data  from normal  individuals available  for  com- 
parison to determine whether the absolute amount of kreatinin per 
kilo  of body weight--the kreatinin coefficient--is normal  in  these 
cases.  The normal amount for an adult is between o.o2  and o.o3 
of a gram per kilo of body weight.  In infants, the kreatinin coeffi- 
cient is much smaller;  z and,  indeed in young children, kreatinin is 
sometimes absent,  a  I have found in the literature no data for half- 
grown children.  In one boy of thirteen, of about the same weight 
TABLE  I.* 
F. S. 
Ist period 
2d  period 
3d  period 
J. P. 
xst period 
2d  period 
3d  period 
F. H. 
Date. 
Dee. 21, I9IO 
Dee. 22.  1910 
Dec. 23.  1910 
Dec. 24,  I910 
March  3,  1911 
March  4,  1911 
March 2I,  I9II 
March 22,  1911 
March 23,  1911 
Dec. 20,  I910 
Dec. 2I, 19Io 
Dec. 22.  1910 
Dec. 23,  19IO 
March  3, I911 
March  4.  19 II 
March 21,  I9ii 
March 22.  i9ii 
March 23,  I911 
March IO, I9II 
March n,  1911 
March 12,  1911 
March I3, I911 
March 14,  I9II 
March 15,  19II 
~itro- ] 
gen. 
3.02 
2.75 
2.51 
2.32 
4.31 
4.17 
3.56 
3.97 
7.72 
5.53 
5.55 
5.91 
3.52 
5.86 
4.64 
4.95 
5.68 
5.44 
5.27 
5.62 
5.87 
5.56 
Uric  Kreat- 
acid.  inin. 
0.314  O.I50 
0.32I  0.155 
0.285  0.I75 
O.252  0.169 
0.396  0.194 
O.343  0.171 
0.292  0.213 
0.392  0.I98 
O.448  O.2O3 
0.122  0.307 
0.13 °  O.263 
0.I45  0.248 
0.I84  0.297 
0.I30  0.284 
0.I41  0.289 
0.229  O.346 
O.151  O.312 
O.150  0.317 
0.172  0.169 
O.126  0.169 
O.087  0.169 
0.I59  O.158 
O.132  0.I73 
0.064  O.181 
Body 
7eight il 
kilos__ 
I4o) 
I6"5 } 
I7.O] 
21.0 
21.0 1 
21.5} 
I2.0 
Kreatinin 
per kilo of 
body  weight. 
O.OII 
O,OII 
o.oI  4 
O.OZ3 
0.014 
0.015 
o.o14 
~reatin 
o.oo4 
0.023 
0.012 
0.000 
0.055 
0.052 
o.o9I 
o.o55 
o.o59 
0.047 
o.o14 
0.032 
o.o51 
0.020 
o.o15 
o.o71 
o.o4o 
0.045 
o.o94 
o,o8I 
0.087 
O,II6 
O. II2 
o.135 
Total of 
kreatinin 
+kreatin 
o.154 
o.178 
o.I87 
o.169 
0.249 
0.223 
0.304 
0.253 
o.262 
0.354 
0.277 
0.280 
o.348 
0.304 
0.304 
o.417 
o.352 
o.362 
0.263 
0.250 
0.256 
0.274 
0.285 
o.316 
2 Amberg and  Morrill,  Jour.  Biol.  Chem.,  19o7, iii,  3II. 
8 Hoogenhuyze and  Verploegh, Ztschr.  f.  physiol.  Chem.,  1905,  xlvi,  415. 
* Kjeldahl's method was used for nitrogen determinations, and Folin's methods 
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as J.  P.,  I  found the coefficient to be that of the adult, so that the 
kreatinin in the cases of infantilism is probably very low.  It may be 
mentioned in  this  connection that  in  starvation Cathcart  5  found a 
slight gradual lowering of the kreatinin excretion. 
Kreatin was always present in the urine of my pa,  tients, even on 
a  meat-free  diet,  and  the  presence  of  kreatin  in  human  urine  is 
considered  abnormal2  It  is  found  in  different pathological  con- 
ditions, especially in those associated with disturbance of the metab- 
olism  of  the  muscular system or  of the  liver,  or  in  conditions  in 
which the carbohydrate metabolism is disturbed.  The cause of the 
presence  of kreatin  in  the  urine  in  these  cases  is  not  known,  but 
it can be caused to disappear by the administration of carbohydrates, 
but  not by fats. 7  These experiments led me to try the effect of a 
carbohydrate and fat diet on the kreatin excretion in my patients. 
The  amounts  of kreatin  and  kreatinin were  determined  during 
three periods;  a  preliminary period,  a  period  during which much 
fat was given, and a period when a large quantity of carbohydra,  tes 
was given.  In all three periods, the diet was kreatin-free, and was 
made up chiefly of rice, milk, toast, crackers, and fruit.  During the 
second period,  the  carbohydrates were  cut  down as  much  as  pos- 
si'ble, and cream and butter were given in as large quantities as the 
patient could be induced to take.  The amounts varied on different 
days;  but,  on  the  average,  the  amount  given  was  about  seventy 
grams  of  cream  and  ninety grams  of  butter.  During  the  third 
period,  fats  were  cut  down  as  much  as  possible,  and  rice,  bread, 
potatoes,  cake,  sugar,  and  starch puddings were  given  in  as  large 
quantities  as  possible.  The  results  are  shown  in  table  II. 
It will be observed that, in contrast to the results obtained in the 
experiments  of  the  investigators who  studied  the  effect of carbo- 
hydrate and fat diet on kreatin excretion in cases where there was 
disturbance  of  the  carbohydrate  metabolism,  the  fat  diet,  in  the 
Cathcart, Biochem.  Ztschr.,  19o7, vl,  IO9. 
6Rose (]our. Biol.  Chem., I9H, x, 255) found kreatiu in the urine of children 
on a mixed diet, but there is the possibility of tracing this to the kreatin i~ the 
food.  Kreatin in the food may appear under some circumstances in the urine 
of normal persons (Folin, Festsehrift, Olof Hammarsten, Upsala, I9O6). 
In man, during inanition, Cathcart, ]our.  Physiol.,  19o9, xxxix, 3H; in dogs, 
during phlorizin diabetes, Cathcart and Taylor, ]our.  Physiol.,  I9m--H, xli, 276; 
in starving rabbits~ Mendel and Rose, ]our.  Biol.  Chem., I9H, x, 213. Francis  H.  McCrudden.  111 
cases of infantilism, led to  a  lower kreatin output  than the carbo- 
hydrate diet.  The larger figure in the first days of the preliminary 
period may be due to a washing out of kreatin from the food taken 
before the experiment began, but there are not sufficient data regard- 
ing the factors that influence kreatin excretion to explain the results. 
TABLE  II. 
May 22,  1911 
May 23,  1911 
May 24  ,  1911 
May 25,  1911 
Niay 26,  19II 
May 27,  I91I 
~Iay 28,  I91I 
May 29,  1911 
May 30,  1911 
Kreat- 
inin. 
o.I96 
0.183 
o.127 
0.265 
0.203 
o.I66 
0.225 
o.I9I 
0.205 
F.S. 
Krea-  A verage,  Total. 
tin. 
0.I37  } 
o.137  o.I2I  o.319 
0.225  0.098 
o.o73 
0.028 
0.059 
0.I43 
o.o99 
o.o86 
0.333  Preliminary 
period 
0.338 
0.230 
0.225 
0.050 
0.076 
0.368 
0.290 
0.290 
Fat-rich diet 
Carbo- 
hydrate- 
rich diet 
Kreat- 
inin. 
0.307  o.44I 
0.362 
0.324 
0.273 
0.405 
0.335 
0.353 
0.324 
J.p. 
Krea- 
tin. 
0.093 
o.Io9 
o.o17 
0.034 
0.029 
0.026 
0.054 
o.oi5 
0.044 
Average. 
0.073 
0.030 
0.038 
Total. 
o.4oc 
o.55c 
0.375 
o.35~ 
o.3o~ 
o.43x 
0.385 
o.36~ 
0.36[ 
There is a  rather low sugar tolerance in my cases, and this may 
have  some bearing on  the  findings  relating  to  kreatin.  On  April 
20th,  at  3 :o0 P.  M.,  both boys were given  fifty grams  of glucose. 
The urine collected in the next hour showed a  strong reduction in 
the case of J. P., but no reduction in the case of F.S.  The next day 
F.  S. was given seventy-five grams of glucose and J.  P.  25 grams, 
and  the urine of the  following hour  showed  a  faint  reduction in 
both cases.  F.S.  showed a  glucose tolerance, under these circum- 
stances,  of  between fifty to  seventy-five grams,  and  J.  P.  one  of 
between twenty-five and fifty grams.  A  similar experiment to test 
levulose tolerance was  made,  but  the patients  found  it  difficult to 
eat more than twenty-five grams.  The urine of the following hour 
showed, on being boiled with Fehling's solution,  a  doubtful reduc- 
tion. 
The  following explanation  for the presence of kreatin and  ace- 
tone bodies in the urine in the diabetic condi,tion and in starvation, 
has  been  suggested,  and  may have  some bearing  on  the  cases  of 
infantilism.  In  diabetes  and  starvation,  the body  utilizes  its  own 
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cut off, and the excessive metabolism of muscular tissue is  accom- 
panied by the production of kreatln and acetone bodies.  If carbo- 
hydrates are administered, muscle protein is  protected and  the ap- 
pearance  of  kreatin  and  acetone  bodies,  which  accompanies  the 
excessive metabolism of tissue protein, is prevented.  8  In intestinal 
infantilism,  it may be that  fat  is  utilized to better  advantage than 
carbohydrates,  and,  therefore,  better  protects  the  increased  tissue 
catabolism which may be responsible for the presence of kreatin. 
SUMMARY. 
In my three cases of intestinal  infantilism,  the kreatinin  excre- 
tion  was  more  irregular  than  normally,  and  the  kreatinin  coeffi- 
cient was low.  Kreatin was  found in the urine on  a  kreatin-free 
diet.  The sum of kreatinin and kreatin was also irregular. 
The endogenous uric acid was irregular from day to day. 
The kreatin excretion is apparendy lower on a high fat diet than 
on  a  high carbohydrate diet. 
s Fatta,  Grote, and  Siaehelin, Be~tr.  z.  chem.  Phys. u.  Path., 19o7,  x,  199. 